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(57) ABSTRACT

An image capturing apparatus having an image sensor includ-
ing focus detection pixels capable of outputting a pair of
image signals for focus detection determines whether each
line of the pixels of the image sensor is an addition/non-
addition line that outputs the image signal suitable/unsuitable
for detection of a correlation amount, obtains the correlation
amount for each addition line based on the pair of image
signals, add the obtained correlation amount of the addition
line, counts the number of addition lines, obtains a defocus
amount based on the added correlation amount, and drives a
focus lens based on the defocus amount when a product of an
evaluation value representing reliability of the defocus
amount and a predetermined standard number of additions is
smaller than the product of the number of addition lines and a
standard evaluation value representing a predetermined
evaluation value.

15 Claims, 6 Drawing Sheets

SET FOCUS
DETECTION AREA
INITIALIZE ADDED

CORRELATION AMOUNT

§101

8102
131

ELECTRONIC FLASH
'Eil CONTROL CIRGUIT
101 123
102 197 || AUXILIARY FLASH
103 105 106 DRIVE CIRCUIT
i 124
IMAGE SENSOR
2 DRIVE CIRCUIT
APERTURE-
SHUTTER
111 ACTUATOR 14
—

125
WAGE PROCESSING
CIRCUTT oY
! 126
FOCUS FOCUS DRIVE
ACTUATOR CIRCUT
2%

APERTURE-SHUTTER|
DRIVE CIRCUIT

129

ZOOM DRIVE
CIRCUIT

Z00M
ACTUATOR

NITALZENOMBER OF b $103
~—-| DISPLAY DEVICE LIZE UM I”
132
OPERATING s201
13 €5 >
FLASHMEMORY NO sz02

ALL
LINES IN FOCUS
DETECTION AREA
PROC?SSED

ACQUIRE FOCUS
DETECTION SIGNAL

5203

JUDGED AS
SATURATED LINE
S ?
NO

8204
CALCULATE
CORRELATION AMOUNT

ADD CORRELATION AMOUNT
TO ADDED CORRELATION AMOUN

NUMBER OF ADDITIONS + 1

END



US 9,106,827 B2

Page 2
(56) References Cited 2012/0229696 Al*  9/2012 348/360
2013/0286275 Al* 10/2013 ... 348/345
U.S. PATENT DOCUMENTS 2014/0016021 Al* 1/2014 ... 348/353
2014/0146218 Al* 5/2014 Kuniedaetal. ............... 348/345
2009/0135280 AL1*  5/2009 KUSAKA woovooeoesooo 348/345 2014/0192249 Al* 7/2014 Kishi T 348/349
2010/0073527 Al*  3/2010 Ichimiya ......cooooooveeoe.. 348/247 2014/0198245 Al* 7/2014 Kunugi et al. ... 348/349
* - 2014/0232901 Al* 8/2014 Furuta ....... 348/223.1
2010/0277625 Al 11/2010 Utsugi ..coevveveeveneenne 348/246 .
* 2014/0284449 Al* 9/2014 Uchida .. 250/201.2
2011/0157425 Al 6/2011 Nakayama 348/234 *
. 2014/0300802 Al 10/2014 Hamano ... .. 348/354
2011/0228145 A1*  9/2011 Kimura ........ 348/247 2014/0307925 ALl* 10/2014 UEMOLL wooveeeoeeoeon 382/106
2012/0026372 Al* 2/2012 Noguchi et al. 348/302
2012/0162494 Al* 6/2012 Nakamura .............. 348/345 * cited by examiner



US 9,106,827 B2

Sheet 1 of 6

Aug. 11, 2015

U.S. Patent

I

‘D14 10080
IO WO0Z
\l\
6zl
1IND¥I0 IANA
YALINHSTUNLY3dY
\l\
8cl ]
1iN0dID HOLYNLOY HOLYALOY
JAINA SN0 SN004 NO0Z
~ m ¥ x
4 141 NOLYNLOY bl
ndo LiN041D MILINHS
ONISSID0Nd IOVNI -39NLM3dV
o ¢
- ”585 INNA _ ch
ASONIN HSV 14 YOSN3S IOVAI
t rd
€€l vl _
HOLMS |, LINOHID 3ARGA 901 so1  €0) Z01
ONILYH3dO HSYT4 AMYTIIXNY 101
= = LOL
AR £ZL 4D
B 1INDYID T0YLINOD
A2IA3A AV1dSIA HSY14 DINOYLOT13
= o = 9l
LSl Lzl A

‘mﬁu ~ Gl




xr O m
HEN




U.S. Patent Aug. 11, 2015 Sheet 3 of 6 US 9,106,827 B2

-

OPTICAL AXIS e

|

|

i
/n;\wzos

|

|

. 4306
: LIGHT
i RECEIVING 31% []
; SURFACE |3 | o
i ‘ 0o 3 O
T L o T R T
! 206@ ! |
y 301 302 n s
|
301+ |
z&——ox N
- N
PLAN VIEW | — 302
300—— p!

a-a SECTIONAL VIEW

FIG. 3A FIG. 3B



US 9,106,827 B2

Sheet 4 of 6

Aug. 11, 2015

U.S. Patent

302~

4

FIG.



U.S. Patent Aug. 11, 2015 Sheet 5 of 6 US 9,106,827 B2

FIG. 5
800
502 L
i — 301
i =302
i bt~ 301
_Z;é 302
501
FIG. 6
802 801 800
SRS 502 4
i : it g /F?
L . G1
= Peo
- ! r
. 501




U.S. Patent

Aug. 11, 2015

Sheet 6 of 6

FlG.

SET FOCUS
DETECTION AREA

~$101

1

INITIALIZE ADDED
CORRELATION AMOUNT

~ 8102

1

INITIALIZE NUMBER OF
ADDITIONS

~ 5103

US 9,106,827 B2

7

]

S201

$207

JUDGED AS AL
DEFECTIVE LINE LINES IN FOCUS
: DETECTION AREA
NO 5"202 PROCESSED
?
ACQUIRE FOCUS e
DETECTION SIGNAL
! $203 CALCULATE DEFOCUS AMOUNT

~ 8301

-l
!

JUDGED AS 7
SATURATED LINE
? CALCULATE EVALUATION VALUE~— S302
NO 8%04
CALCULATE
CORRELATION AMOUNT STANDARD
NUMBER OF ADDITIONS

$205 EVALUATION VALUE < JES

ADD CORRELATION AMOUNT NUMBER OF ADDITIONS

TO ADDED CORRELATION AMOUNT S\}‘ /I;\[TJ%TRODN
S$304

S206 VALUE? g

NUMBER OF ADDITIONS + 1 NO DRIVE LENS

|




US 9,106,827 B2

1

IMAGE CAPTURING APPARATUS AND
METHOD OF CONTROLLING THE SAME

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an image capturing appa-
ratus and a method of controlling the same.

2. Description of the Related Art

As a focus detection method performed by an image cap-
turing apparatus, an on-imaging surface phase difference
method is used in which focus detection by a phase difference
method is performed using focus detection pixels formed in
an image sensor.

U.S.Pat.No. 4,410,804 discloses an image capturing appa-
ratus using a two-dimensional image sensor in which one
microlens and a plurality of photoelectric conversion units are
formed in each pixel. The plurality of photoelectric conver-
sion units are configured to receive light components that
have passed through different regions of the exit pupil of an
imaging lens via one microlens, thereby dividing the pupil. A
correlation amount is calculated from focus detection signals
output from pixels (focus detection pixels) each including a
plurality of photoelectric conversion units, and an image shift
amount is obtained from the correlation amount, thereby
performing focus detection by the phase difference method.
Japanese Patent Laid-Open No. 2001-083407 discloses gen-
erating an image signal by adding focus detection signals
output from a plurality of photoelectric conversion units for
each pixel.

Japanese Patent Laid-Open No. 2000-156823 discloses an
image capturing apparatus in which pairs of focus detection
pixels are partially arranged in a two-dimensional image sen-
sor formed from a plurality of imaging pixels. The pairs of
focus detection pixels are configured to receive light compo-
nents from different regions of the exit pupil of an imaging
lens via a light shielding layer having openings, thereby
dividing the pupil. An image signal is acquired by imaging
pixels arranged on most part of the two-dimensional image
sensor. A correlation amount is calculated from focus detec-
tion signals of the partially arranged focus detection pixels,
and an image shift amount is obtained from the correlation
amount, thereby performing focus detection by the phase
difference method, as disclosed.

In focus detection using the on-imaging surface phase dif-
ference method, the defocus direction and the defocus
amount can simultaneously be detected by focus detection
pixels formed in an image sensor. It is therefore possible to
perform focus control at a high speed.

To improve the low luminance limit of focus detection, a
method has been proposed which adds a plurality of correla-
tion amounts calculated from the focus detection signals of a
plurality of focus detection lines in a focus detection area, and
obtains an image shift amount from the added correlation
amount (correlation amount after the addition) with little
noise. In this method, an evaluation value used to judge the
reliability of the image shift amount, and the like are also
calculated from the added correlation amount.

The plurality of focus detection lines in the focus detection
area may include a line unsuitable for correlation amount
detection, such as a saturated line in which the ratio of satu-
rated signals is high or a defective line including a pixel
having some defect. When performing focus detection by
calculating the added correlation amount of a plurality of
focus detection lines included in a focus detection area, the
correlation amount of such a line needs to be excluded from
addition processing for the added correlation amount. For this
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reason, the number of correlation amounts to be added to
obtain the added correlation amount is not constant but
changes. Along with this change, the added correlation
amount, the evaluation value calculated from the added cor-
relation amount to judge reliability, and the like also change.
Hence, the added correlation amount needs to be normalized.

However, when processing is performed by a computing
circuit such as an FPGA, normalization by division of the
added correlation amount for each shift amount requires a
large computing circuit scale and computing load as com-
pared to addition, multiplication, bit shift operation, and the
like.

SUMMARY OF THE INVENTION

The present invention has been made in consideration of
the above situation, and makes it possible to suppress the
computing circuit scale and computing load and perform
accurate focus detection even when a focus detection area
includes a line unsuitable for correlation amount detection,
such as a defective line or a saturated line in which the ratio of
saturated signals is high.

According to the present invention, provided is an image
capturing apparatus comprising: an image sensor including a
plurality of pixels that are two-dimensionally arranged and
include focus detection pixels including photoelectric con-
version units capable of outputting a pair of image signals
obtained by receiving a pair of light beams that have passed
through different exit pupil regions of an imaging optical
system; a determination unit configured to determine whether
each line of the pixels of the image sensor is a non-addition
line that outputs the image signal unsuitable for detection of
a correlation amount; a calculation unit configured to obtain
the correlation amount for each addition line based on the pair
of image signals output from the focus detection pixel
included in the addition line determined not to be the non-
addition line by the determination unit and add the obtained
correlation amount of the addition line; a counting unit con-
figured to count the number of addition lines added by the
calculation unit; a computing unit configured to obtain a
defocus amount based on the correlation amount added by the
calculation unit; and a focus control unit configured to drive a
focus lens included in the imaging optical system based on the
defocus amount when a product of an evaluation value rep-
resenting reliability of the defocus amount obtained by the
computing unit and a predetermined standard number of
additions is smaller than the product of the number of addition
lines counted by the counting unit and a standard evaluation
value representing a predetermined evaluation value.

According to the present invention, provided is a method of
controlling an image capturing apparatus including an image
sensor including a plurality of pixels that are two-dimension-
ally arranged and include focus detection pixels including
photoelectric conversion units capable of outputting a pair of
image signals obtained by receiving a pair of light beams that
have passed through different exit pupil regions of an imaging
optical system, the method comprising: a determination step
of determining whether each line of the pixels of the image
sensor is a non-addition line that outputs the image signal
unsuitable for detection of a correlation amount; a calculation
step of obtaining the correlation amount for each addition line
based on the pair of image signals output from the focus
detection pixel included in the addition line determined not to
be the non-addition line in the determination step and adding
the obtained correlation amount of the addition line; a count-
ing step of counting the number of addition lines added in the
calculation step; a computing step of obtaining a defocus
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amount based on the correlation amount added in the calcu-
lation step; and a focus control step of driving a focus lens
included in the imaging optical system based on the defocus
amount when a product of an evaluation value representing
reliability of the defocus amount obtained in the computing
step and a predetermined standard number of additions is
smaller than the product of the number of addition lines
counted in the counting step and a standard evaluation value
representing a predetermined evaluation value.

Further features of the present invention will become
apparent from the following description of exemplary
embodiments (with reference to the attached drawings).

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are incorporated in
and constitute a part of the specification, illustrate embodi-
ments of the invention, and together with the description,
serve to explain the principles of the invention.

FIG. 1 is a schematic block diagram of an image capturing
apparatus according to an embodiment of the present inven-
tion;

FIG. 2 is a schematic view of a pixel array according to the
embodiment;

FIGS. 3A and 3B are a schematic plan view and a sche-
matic sectional view, respectively, of a pixel according to the
embodiment;

FIG. 4 is a schematic explanatory view of a pixel structure
and pupil division according to the embodiment;

FIG. 5 is a schematic explanatory view of an image sensor
and pupil division according to the embodiment;

FIG. 6 is a schematic view showing the relationship
between the image shift amount and the defocus amount of a
first focus detection signal and a second focus detection sig-
nal according to the embodiment; and

FIG. 7 is a flowchart of focus detection processing accord-
ing to the embodiment.

DESCRIPTION OF THE EMBODIMENTS

Exemplary embodiments of the present invention will be
described in detail in accordance with the accompanying
drawings. The dimensions, shapes and relative positions of
the constituent parts shown in the embodiments should be
changed as convenient depending on various conditions and
on the structure of the apparatus adapted to the invention, and
the invention is not limited to the embodiments described
herein.

[Overall Arrangement]

FIG. 1 is a diagram showing a brief configuration of a
camera as an example of an image capturing apparatus having
an image sensor according to an embodiment of the present
invention. In FIG. 1, a first lens group 101 is disposed on the
front end of an imaging optical system, and supported so as to
be movable forward and backward along an optical axis. An
aperture-shutter 102 adjusts the diameter of its opening,
thereby adjusting the amount of light during image sensing,
and also has a function to adjust the exposure time during still
image sensing. The aperture-shutter 102 and a second lens
group 103 move together forward and backward along the
optical axis, and, in conjunction with the movement forward
and backward of the first lens group 101, provide a magnifi-
cation change effect (a zoom function).

A third lens group 105 (focus lens) carries out focus adjust-
ment by moving forward and backward along the optical axis.
A low-pass optical filter 106 is an optical element for the
purpose of reducing false color and moiré of a sensed image.
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An image sensor 107 is composed of a two-dimensional
CMOS photo sensor and the surrounding circuitry, and dis-
posed on an imaging plane of the imaging optical system.

A zoom actuator 111 carries out a magnification-change
operation by rotation of a cam barrel, not shown, to move the
first lens group 101 through the second lens group 103 for-
ward and backward along the optical axis. An aperture-shut-
ter actuator 112 controls the diameter of the opening of the
aperture-shutter 102 and adjusts the amount of light for image
sensing, and also controls the exposure time during still
image sensing. A focus actuator 114 moves the third lens
group 105 forward and backward along the optical axis to
adjust the focus.

An electronic flash 115 for illuminating an object is used
during image sensing. A flash illumination device that uses a
Xenon tube is preferable, but an illumination device com-
prised of a continuous-flash LED may also be used. An AF
auxiliary flash unit 116 projects an image of a mask having a
predetermined opening pattern onto an object field through a
projective lens to improve focus detection capability with
respect to dark objects and low-contrast objects.

The CPU 121 controls the camera main unit in various
ways within the image capturing apparatus. The CPU 121
may, for example, have a calculation unit, ROM, RAM, A/D
converter, D/A converter, communication interface circuitry,
and so forth. In addition, the CPU 121, based on predeter-
mined programs stored in the ROM, drives the various cir-
cuits that the camera has, and executes a set of operations of
AF, image sensing, image processing, and recording.

An electronic flash control circuit 122 controls firing of the
electronic flash 115 in synchrony with an image sensing
operation. An auxiliary flash drive circuit 123 controls firing
of the AF auxiliary flash unit 116 in synchrony with a focus
detection operation. An image sensor drive circuit 124 con-
trols the image sensing operation of the image sensor 107 as
well as A/D-converts acquired image signals and transmits
the converted image signals to the CPU 121. An image pro-
cessing circuit 125 performs such processing as y conversion,
color interpolation, JPEG compression and the like on the
images acquired by the image sensor 107.

A focus drive circuit 126 controls the drive of the focus
actuator 114 based on the focus detection result to drive the
third lens group 105 reciprocally in the optical axis direction,
thereby performing focus adjustment. An aperture-shutter
drive circuit 128 controls the drive of the aperture-shutter
actuator 112, thereby controlling the opening of the aperture-
shutter 102. A zoom drive circuit 129 drives the zoom actuator
111 in accordance with the zoom operation of the user.

A display device 131, such as an LCD, displays informa-
tion relating to the image sensing mode of the camera, pre-
view images before image sensing, confirmation images after
image sensing, focus state display images during focus detec-
tion, and the like. An operating switch group 132 is composed
of'a power switch, a release (image sensing trigger) switch, a
zoom operation switch, a image sensing mode selection
switch, and the like. A detachable flash memory 133 records
captured images.

[Image Sensor]

FIG. 2 shows the outline of the imaging pixels and the array
of'focus detection pixels of the image sensor 107 according to
the embodiment. FIG. 2 illustrates the pixel (imaging pixel)
array within the range of 4 columnsx4 rows and the focus
detection pixel array within the range of 8 columnsx4 rows in
the two-dimensional CMOS sensor (image sensor) according
to this embodiment.

A pixel group 200 includes pixels of 2 columnsx2 rows. A
pixel 200R having an R (red) spectral sensitivity is arranged
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at the upper left position, pixels 200G having a G (green)
spectral sensitivity are arranged at the upper right and lower
left positions, and a pixel 200B having a B (blue) spectral
sensitivity is arranged at the lower right position. Each pixel
is formed from a first focus detection pixel 201 and a second
focus detection pixel 202 arrayed in 2 columnsx1 row.

A number of arrays of 4 (columns)x4 (rows) pixels (8
(columns)x4 (rows) focus detection pixels) shown in FIG. 2
are arranged on a plane to enable to capture an image (focus
detection signal). In the embodiment, the image sensor will
be described assuming that a period P of pixels is 4 um, the
number N of pixels is 5,575 columns in horizontal directionx
3,725 rows in vertical direction=about 20,750,000, a column-
direction period PAF of focus detection pixels is 2 jum, and the
number NAF of focus detection pixels is 11,150 columns in
horizontal directionx3,725 rows in vertical direction=about
41,500,000.

FIG. 3A is a plan view of one pixel 200G of the image
sensor show in FIG. 2 when viewed from the light receiving
surface side (+z side) of the image sensor 107, and FIG. 3B is
a sectional view showing the a-a section in FIG. 3A viewed
from the -y side. As shown in FIGS. 3A and 3B, in the pixel
200G according to this embodiment, a microlens 305 for
condensing incident light is formed on the light receiving side
of each pixel. The pixel is divided by NH (here, divided by
two) in the x direction and divided by HV (here, divided by
one, or not divided) in the y direction to form photoelectric
conversion units 301 and 302. The photoelectric conversion
units 301 and 302 correspond to the first focus detection pixel
201 and the second focus detection pixel 202, respectively.
Each of the photoelectric conversion units 301 and 302 may
be formed as a pin structure photodiode including an intrinsic
layer between a p-type layer and an n-type layer or a p-n
junction photodiode without an intrinsic layer, as needed.

In each pixel, a color filter 306 is formed between the
microlens 305 and the photoelectric conversion units 301 and
302. The spectral transmittance of the color filter may be
changed between the focus detection pixels, as needed, or the
color filter may be omitted.

Light that has entered the pixel 200G shown in FIGS. 3A
and 3B is condensed by the microlens 305, spectrally split by
the color filter 306, and received by the photoelectric conver-
sion units 301 and 302. In the photoelectric conversion units
301 and 302, electron-hole pairs are produced in accordance
with the received light amount and separated in the depletion
layer. Electrons having negative charges are accumulated in
the n-type layers (not shown). On the other hand, holes are
discharged externally from the image sensor 107 through the
p-type layers connected to a constant voltage source (not
shown). The electrons accumulated in the n-type layers (not
shown) of the photoelectric conversion units 301 and 302 are
transferred to electrostatic capacitances (FDs) through trans-
fer gates, converted into voltage signals, and output.

The correspondence between pupil division and the pixel
structure according to this embodiment shown in FIGS. 3A
and 3B will be described with reference to FIG. 4. FIG. 4
illustrates a sectional view showing the a-a section of the pixel
structure according to the embodiment shown in FIG. 3A
viewed from the +y side and the exit pupil plane of an imaging
optical system. Note that in FIG. 4, to obtain correspondence
with the coordinate axes of the exit pupil plane, the x- and
y-axes of the sectional view are reversed with respect to those
of FIGS. 3A and 3B.

A first partial pupil region 501 of the first focus detection
pixel 201 represents a pupil region that is almost conjugate
with the light receiving surface of the photoelectric conver-
sion unit 301 having a center of gravity decentered in the —x
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direction via the microlens 305, and light beams that have
passed through the first partial pupil region 501 are received
by the first focus detection pixel 201. The first partial pupil
region 501 of the first focus detection pixel 201 has a center of
gravity decentered to the +x side on the pupil plane.

A second partial pupil region 502 of the second focus
detection pixel 202 represents a pupil region that is almost
conjugate with the light receiving surface of the photoelectric
conversion unit 302 having a center of gravity decentered in
the +x direction via the microlens 305, and light beams that
have passed through the second partial pupil region 502 are
received by the second focus detection pixel 202. The second
partial pupil region 502 of the second focus detection pixel
202 has a center of gravity decentered to the —x side on the
pupil plane.

Light beams that have passed through a pupil region 500
are received by the whole pixel 200G including the photo-
electric conversion units 301 and 302 (first focus detection
pixel 201 and the second focus detection pixel 202).

FIG. 5 is a schematic view showing the correspondence
between the image sensor and pupil division according to the
embodiment. A pair of light beams that have passed through
different exit pupil regions of the imaging optical systems of
the first partial pupil region 501 and the second partial pupil
region 502 enter the pixels of the image sensor 107 at different
incidence angles and are received by the first focus detection
pixel 201 and the second focus detection pixel 202 divided
into 2x1 parts. In this embodiment, the pupil region is divided
into two parts in the horizontal direction. However, the pupil
may be divided in the vertical direction, as needed.

Note that in the above-described example, a plurality of
imaging pixels each including the first focus detection pixel
and the second focus detection pixel are arrayed. However,
the present invention is not limited to this. Imaging pixels,
first focus detection pixels, and second focus detection pixels
may individually be constituted, and the first focus detection
pixels and the second focus detection pixels may partially be
arranged in part of the imaging pixel array, as needed.

In this embodiment, the light receiving signals of the first
focus detection pixels 201 of the respective pixels of the
image sensor are collected to generate a first focus detection
signal, and the light receiving signals of the second focus
detection pixels 202 of the respective pixels are collected to
generate a second focus detection signal, thereby performing
focus detection. In addition, the signals of the first focus
detection pixel 201 and the second focus detection pixel 202
are added for each pixel of the image sensor, thereby gener-
ating an image signal (captured image) having a resolution
corresponding to the effective number N of pixels.

[Relationship between Defocus Amount and Image Shift
Amount]

The relationship between the image shift amount and the
defocus amount of the first focus detection signal and the
second focus detection signal acquired by the image sensor
according to this embodiment will be described below. FIG. 6
is a schematic view showing the relationship between the
defocus amount of the first focus detection signal and the
second focus detection signal and the image shift amount
between the first focus detection signal and the second focus
detection signal. The image sensor 107 according to this
embodiment is arranged on an imaging plane 800. As
described with reference to FIGS. 4 and 5, the exit pupil of the
imaging optical system is divided into two, the first partial
pupil region 501 and the second partial pupil region 502.

A defocus amount d is defined by representing the distance
from the imaging position of an object to the imaging plane by
a magnitude Idl, a front focus state in which the imaging
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position of an object is located on the object side with respect
to the imaging plane by a minus sign (d<0), and a rear focus
state in which the imaging position of an object is located on
the opposite side of the object with respect to the imaging
plane by a positive sign (d>0). An in-focus state in which the
imaging position of an object is located on the imaging plane
(in-focus position) is represented by d=0. In FIG. 6, an object
801 indicates an example of the in-focus state (d=0), and an
object 802 indicates an example of the front focus state (d<0).
The front focus state (d<0) and the rear focus state (d>0) will
generally be defined as a defocus state (1dI>0).

In the front focus state (d<0), out of the light beam from the
object 802, a light beam that has passed through the first
partial pupil region 501 (second partial pupil region 502) is
temporarily condensed and then spreads to a width I'1 (I'2)
about a position G1 (G2) of center of gravity of the light beam
s0 as to form a blurred image on the imaging plane 800. The
blurred image is received by the first focus detection pixels
201 (second focus detection pixels 202) of the pixels arrayed
on the image sensor 107, and a first focus detection signal
(second focus detection signal) is generated. Hence, the first
focus detection signal (second focus detection signal) is
recorded at the position G1 (G2) of center of gravity on the
imaging plane 800 as an image of the object 802 blurred to the
width I'l (I'2). The blur width I'l (I'2) of the object image
increases almost in proportion to an increase in the magnitude
|dl of the defocus amount d. Similarly, a magnitude Ipl of an
image shift amount p (=difference (G1-G2) between centers
of gravity of light beam) of the object image between the first
focus detection signal and the second focus detection signal
also increases almost in proportion to an increase in the mag-
nitude Id| of the defocus amount d. This also applies to the
rear focus state (d>0) except that the image shift direction
between the first focus detection signal and the second focus
detection signal is reverse to that in the front focus state.

As described above, as the magnitude of the defocus
amount of the first focus detection signal and the second focus
detection signal or the defocus amount of the image capturing
signal obtained by adding the first focus detection signal and
the second focus detection signal increases, the magnitude of
the image shift amount between the first focus detection sig-
nal and the second focus detection signal increases.

[Focus Detection]

In this embodiment, focus detection by a phase difference
method is performed using the relationship between the
image shift amount and the defocus amount of the first focus
detection signal and the second focus detection signal. In
focus detection by the phase difference method, the first focus
detection signal and the second focus detection signal are
relatively shifted to calculate a correlation amount represent-
ing the signal matching level, and an image shift amount is
detected from a shift amount for high correlation (signal
matching level). As described above, as the magnitude of the
defocus amount of the image signal increases, the magnitude
of the image shift amount between the first focus detection
signal and the second focus detection signal increases. Based
on this relationship, focus detection is performed by convert-
ing the image shift amount into a detected defocus amount.

FIG. 7 is a flowchart of focus detection processing accord-
ing to this embodiment. Note that processing shown in FIG. 7
is executed by the image processing circuit 125 and the CPU
121.

In step S101, a focus detection area where focus control is
to be performed is set in the effective pixel area of the image
sensor 107. By setting the focus detection area, a range W of
the focus detection area in the pupil division direction and a
shift range I" of a shift amount s when calculating a correla-
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tion amount by relatively shifting the first focus detection
signal and the second focus detection signal in the pupil
division direction are set. Next, a range L. of the focus detec-
tion area in a direction perpendicular to the pupil division
direction is set, and a plurality of focus detection lines
included in the focus detection area are selected. In this
embodiment, the horizontal direction of the image sensor 107
is the pupil division direction, and the vertical direction of the
image sensor 107 is the direction perpendicular to the pupil
division direction.

In step S102, the storage area of an added correlation
amount COR(s) is allocated, and all components of the added
correlation amount COR(s) are initialized to 0. In step S103,
the number Na of additions is initialized to 0.

Next, an Ith (1€ L) focus detection line included in the range
L in the direction perpendicular to the pupil division direction
of the focus detection area set in step S101 is selected. Pro-
cesses of steps S201 to S206 are performed for all focus
detection lines included in the range L.

In step S201, it is judged whether the Ith focus detection
line is a defective line (non-addition line) including a pixel
having a certain defect unsuitable for correlation amount
detection. Upon judging that the focus detection line is a
defective line, it is judged not to calculate the correlation
amount of the Ith focus detection line, and the process
advances to step S207. Upon judging that the focus detection
line is not a defective line, the process advances to step S202.

The first focus detection signal or the second focus detec-
tion signal may include a defective signal, and the focus
detection line may be unsuitable for correlation amount
detection, although the image signal is normal and does not
affect the captured image due to the circuit arrangement or
driving method ofthe image sensor 107. Hence, defective line
information inspected in a mass production step or the like
may be recorded in the image processing circuit 125 or the
like in advance, and defective line judgment may be done
using the recorded defective line information in step S201.
Alternatively, the first focus detection signal and the second
focus detection signal may be inspected in real time, as
needed, to do the defective line judgment.

In step S202, the first focus detection signal is generated
from the light receiving signal of the first focus detection
pixel of the lth focus detection line, and the second focus
detection signal is generated from the light receiving signal of
the second focus detection pixel in the focus detection area.
The first focus detection signal and the second focus detection
signal that are the lth (1 € W) in the vertical direction (the
direction perpendicular to the pupil division direction) and
the kth (k € W) in the horizontal direction (pupil division
direction) are represented by A(], k) and B(l, k), respectively.
Note that signal addition processing such as horizontal
3-pixel addition processing for suppressing the signal data
amount or Bayer (RGB) addition processing for converting
RGB signals into luminance Y signals may be performed for
the first focus detection signal and the second focus detection
signal, as needed.

In step S203, it is judged whether the Ith focus detection
line is a saturated line (non-addition line) unsuitable for cor-
relation amount detection. In this embodiment, when a pre-
determined ratio or more (for example, 75% or more) of at
least either the Ith first focus detection signals {A(l, k):ke W}
or second focus detection signals {B(1, k):k e W} are saturated
signals, the 1th focus detection line is judged as a saturated
line. Upon judging that the focus detection line is a saturated
line, itis judged not to calculate the correlation amount of the
Ith focus detection line, and the process advances to step
S207. Upon judging that the focus detection line is not a
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saturated line (the focus detection line is an addition line), the
process advances to step S204.

In a portion where saturated signals continue, the signals
have a predetermined maximum value, and image shift
amount information is missing. On the other hand, image
shift amount information remains at the boundary portion
between a saturated signal and an unsaturated signal. To
eliminate the influence of the portion where saturated signals
continue and extract image shift amount information at the
boundary portion between a saturated signal and an unsatur-
ated signal, bandpass filter processing for edge extraction
may be performed for the first focus detection signal and the
second focus detection signal, as needed. This processing
makes it possible to use focus detection information if the
boundary portion between a saturated signal and an unsatur-
ated signal exists even if the focus detection line includes a
saturated signal. It is therefore possible to suppress the num-
ber of focus detection lines excluded in saturated line judg-
ment.

Instep S204, based on the first focus detection signals { A(],
k):k € W} and the second focus detection signals {B(l, k):k €
W}, the correlation amount COR(], s) of the Ith focus detec-
tion line is calculated for each 1th focus detection line (each
addition line) by

COR(l, 5) = Z ALK =Bl k=s),seTl m

kew

Shift processing is performed by the shift amount s in the
pupil division direction so as to associate the kth first focus
detection signal A(l, k) with the (k-s)th second focus detec-
tion signal B(l, k-s) and perform substation, thereby gener-
ating a shift subtraction signal. The absolute value of the
generated shift subtraction signal is calculated. The sum for
the number k is obtained within the range W of the focus
detection area in the pupil division direction, and the corre-
lation amount COR(], s) of the Ith focus detection line is
calculated.

In step S205, the correlation amount COR(], s) of the Ith
focus detection line obtained in step S204 is added to the
added correlation amount COR(s) for each shift amount s,
and the process advances to step S206. In step S206, the
number Na of additions is incremented by one to count the
number of addition lines. In step S207, it is determined
whether the processing has ended for all focus detection lines
included in the focus detection area. If the processing has not
ended, the process returns to step S201 to perform processing
of the next focus detection line. If the processing has ended
for all focus detection lines, the process advances to step
S301.

Note that a case has been described above in which the
processes of steps S201 to S207 are sequentially performed
for the focus detection lines included in the focus detection
area. However, parallel processing may be performed to pro-
cess two or more focus detection lines in parallel.

As described above, in this embodiment, correlation
amount of defective lines, saturated lines, and the like unsuit-
able for correlation amount detection are excluded from
obtaining the added correlation amount, thereby preventing
the added correlation amount from being mixed with wrong
image shift amount information, and performing accurate
focus detection.

Next, in step S301 of FIG. 7, a defocus amount is calcu-
lated. First, a shift amount of a real number value that mini-
mizes the added correlation amount is calculated by subpixel
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computation from the added correlation amount, and the
image shiftamount p is calculated. The calculated image shift
amount p is multiplied by the image height of the focus
detection area, the f number of the imaging lens (imaging
optical system), and a conversion coefficient K corresponding
to the exit pupil distance to calculate a detected defocus
amount, and the process advances to step S302.

In step S302, an evaluation value used to judge the reliabil-
ity of the defocus amount is calculated. In this embodiment,
the minimum value (image matching level) of the added
correlation amount calculated by subpixel computation from
the added correlation amount is calculated as the evaluation
value. The higher the shape matching level between the first
focus detection signal and the second focus detection signal
is, the smaller the minimum value (image matching level) of
the added correlation amount is, and the higher the reliability
of the focus detection result is. The slope of the added corre-
lation amount (the first order derivative of the added correla-
tion amount) at the position of the calculated image shift
amount p may be obtained as the evaluation value.

In step S303, the reliability of the defocus amount is
judged. In this embodiment, a standard evaluation value rep-
resenting the reliability when the number of additions is the
standard number of additions is held in advance. When the
product of the standard number of additions and the evalua-
tion value is smaller than the product of the number of addi-
tions and the standard evaluation value, the reliability of the
defocus amount is judged as high, and the process advances to
step S304. If the product of the standard number of additions
and the evaluation value is equal to or larger than the product
of the number of additions and the standard evaluation value,
the reliability of the defocus amount is judged as low, and the
focus detection ends. In step S304, the lens is driven in accor-
dance with the detected defocus amount.

In this embodiment, since the correlation amounts of
defective lines and saturated lines are not added, the number
of correlation amounts added to the added correlation amount
is not constant but changes. Along with the change in the
number of additions, the added correlation amount and the
evaluation value (the minimum value or slope of the added
correlation amount) calculated from the added correlation
amount to judge reliability also change. Hence, to obtain an
appropriate evaluation value, normally, normalization of
dividing the added correlation amount by the number of addi-
tions for each shift amount is necessary. However, when
digital processing is performed by a computing circuit such as
an FPGA, normalization processing by division of the added
correlation amount for each shift amount requires a large
computing circuit scale and computing load as compared to
addition, multiplication, bit shift operation, and the like.

In this embodiment, however, instead of normalizing the
added correlation amount, the reliability of the defocus
amount is judged by comparing the product of the standard
number of additions and the evaluation value with the product
of the number of additions and the standard evaluation value.

Note that to further simplify the reliability judgment for-
mula, a standard predetermined amount when the standard
number of additions is 1 is held. This makes it possible to
judge the reliability of the detected defocus amount by com-
paring the evaluation value (the product of 1 and the evalua-
tion value) with the product of the number of additions and
the standard evaluation value.

With the above-described arrangement, it is possible to
suppress the computing circuit scale and computing load and
perform accurate focus detection even when a line (non-
addition line) unsuitable for correlation amount detection,
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such as a saturated line in which the ratio of saturated signals
is high or a defective line including a pixel having a certain
defect is included.

While the present invention has been described with refer-
ence to exemplary embodiments, it is to be understood that
the invention is not limited to the disclosed exemplary
embodiments. The scope of the following claims is to be
accorded the broadest interpretation so as to encompass all
such modifications and equivalent structures and functions.

This application claims the benefit of Japanese Patent
Application No. 2013-095959, filed on Apr. 30,2013 which is
hereby incorporated by reference herein in its entirety.

What is claimed is:

1. An image capturing apparatus comprising:

an image sensor including a plurality of pixels that are
two-dimensionally arranged and include focus detection
pixels including photoelectric conversion units config-
ured for outputting a pair of image signals obtained by
receiving a pair of light beams that have passed through
different exit pupil regions of an imaging optical system;

a determination unit configured to determine whether each
line of the pixels of said image sensor is a non-addition
line that outputs an image signal unsuitable for detection
of a correlation amount;

a calculation unit configured to obtain the correlation
amount for each addition line based on the pair of image
signals output from the focus detection pixels included
in the addition line determined not to be the non-addition
line by said determination unit and add the obtained
correlation amount of the addition line;

a counting unit configured to count the number of addition
lines added by said calculation unit;

a computing unit configured to obtain a defocus amount
based on the correlation amount added by said calcula-
tion unit; and

a focus control unit configured to drive a focus lens
included in the imaging optical system based on the
defocus amount in a case where a product of an evalua-
tion value representing reliability of the defocus amount
obtained by said computing unit and a predetermined
standard number of additions is smaller than the product
of'the number of addition lines counted by said counting
unit and a standard evaluation value representing a pre-
determined evaluation value.

2. The apparatus according to claim 1, wherein said calcu-

lation unit

calculates the correlation amount for each shift amount
while shifting the pair of image signals relative to each
other by a predetermined amount, and

adds the correlation amount of the addition line for each
shift amount.

3. The apparatus according to claim 2, wherein the evalu-
ation value of the defocus amount is a minimum value of the
correlation amount of the addition line added for each shift
amount.

4. The apparatus according to claim 1, wherein the non-
addition line includes at least one of a line including a defect
and a line in which at least one of the pair of image signals
includes saturated image signals at a predetermined ratio or
more.

5. The apparatus according to claim 1, further comprising
a setting unit configured to set a focus detection area to detect
a focus from an area of said image sensor,

wherein said determination unit determines the line of the
pixels included in the focus detection area.

6. The apparatus according to claim 1, wherein the standard

number of additions is 1.
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7. A method of controlling an image capturing apparatus
including an image sensor including a plurality of pixels that
are two-dimensionally arranged and include focus detection
pixels including photoelectric conversion units configured for
outputting a pair of image signals obtained by receiving a pair
of light beams that have passed through different exit pupil
regions of an imaging optical system, the method comprising:

a determination step of determining whether each line of
the pixels of the image sensor is a non-addition line that
outputs an image signal unsuitable for detection of a
correlation amount;

a calculation step of obtaining the correlation amount for
each addition line based on the pair of image signals
output from the focus detection pixels included in the
addition line determined not to be the non-addition line
in the determination step and adding the obtained corre-
lation amount of the addition line;

a counting step of counting the number of addition lines
added in the calculation step;

a computing step of obtaining a defocus amount based on
the correlation amount added in the calculation step; and

a focus control step of driving a focus lens included in the
imaging optical system based on the defocus amount in
a case where a product of an evaluation value represent-
ing reliability of the defocus amount obtained in the
computing step and a predetermined standard number of
additions is smaller than the product of the number of
addition lines counted in the counting step and a stan-
dard evaluation value representing a predetermined
evaluation value.

8. An image capturing apparatus comprising:

an image sensor including a plurality of pixels that are
two-dimensionally arranged and include focus detection
pixels including photoelectric conversion units capable
of outputting a pair of image signals obtained by receiv-
ing a pair of light beams that have passed through dif-
ferent exit pupil regions of an imaging optical system;

a determination unit configured to determine whether each
line of the pixels of said image sensor is a non-addition
line that outputs the image signal unsuitable for detec-
tion of a correlation amount;

a calculation unit configured to obtain the correlation
amount for each addition line based on the pair of image
signals output from the focus detection pixels included
in the addition line determined not to be the non-addition
line by said determination unit and add the obtained
correlation amount of the addition line;

a counting unit configured to count the number of addition
lines added by said calculation unit;

a computing unit configured to obtain a defocus amount
based on the correlation amount added by said calcula-
tion unit; and

a focus control unit configured to drive a focus lens
included in the imaging optical system based on the
defocus amount in a case where a product of the corre-
lation amount of the addition line calculated by the cal-
culation unit and a predetermined standard number of
additions is smaller than the product of the number of
addition lines counted by said counting unit and a stan-
dard correlation amount representing a predetermined
correlation amount of the addition line.

9. The apparatus according to claim 8, wherein said calcu-

lation unit

calculates the correlation amount for each shift amount
while shifting the pair of image signals relative to each
other by a predetermined amount, and
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adds the correlation amount of the addition line for each
shift amount.

10. A method of controlling an image capturing apparatus
including an image sensor including a plurality of pixels that
are two-dimensionally arranged and include focus detection
pixels including photoelectric conversion units capable of
outputting a pair of image signals obtained by receiving a pair
of light beams that have passed through different exit pupil
regions of an imaging optical system, the method comprising:

a determination step of determining whether each line of
the pixels of the image sensor is a non-addition line that
outputs the image signal unsuitable for detection of a
correlation amount;

a calculation step of obtaining the correlation amount for
each addition line based on the pair of image signals
output from the focus detection pixels included in the
addition line determined not to be the non-addition line
in the determination step and adding the obtained corre-
lation amount of the addition line;

a counting step of counting the number of addition lines
added in the calculation step;

a computing step of obtaining a defocus amount based on
the correlation amount added in the calculation step; and

a focus control step of driving a focus lens included in the
imaging optical system based on the defocus amount in
a case where a product of the correlation amount of the
addition line calculated in the calculation step and a
predetermined standard number of additions is smaller
than the product of the number of addition lines counted
in the counting step and a standard correlation amount
representing a predetermined correlation amount of the
addition line.

11. The method according to claim 10, wherein the calcu-

lation step

calculates the correlation amount for each shift amount
while shifting the pair of image signals relative to each
other by a predetermined amount, and

adds the correlation amount of the addition line for each
shift amount.

12. An image capturing apparatus comprising:

an image sensor including a plurality of pixels that are
two-dimensionally arranged and include focus detection
pixels including photoelectric conversion units capable
of outputting a pair of image signals obtained by receiv-
ing a pair of light beams that have passed through dif-
ferent exit pupil regions of an imaging optical system;

a determination unit configured to determine whether each
line of the pixels of said image sensor is an addition line
that outputs the image signal suitable for detection of a
correlation amount;

a calculation unit configured to obtain the correlation
amount for each addition line determined by said deter-
mination unit based on the pair of image signals output
from the focus detection pixels included in the addition
line and add the obtained correlation amount of the
addition line;

a counting unit configured to count the number of addition
lines added by said calculation unit;

a computing unit configured to obtain a defocus amount
based on the correlation amount added by said calcula-
tion unit; and

a focus control unit configured to drive a focus lens
included in the imaging optical system based on the
defocus amount in a case where a product of an evalua-
tion value representing reliability of the defocus amount
obtained by said computing unit and a predetermined
standard number of additions is smaller than the product
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of the number of addition lines counted by said counting
unit and a standard evaluation value representing a pre-
determined evaluation value.

13. A method of controlling an image capturing apparatus
including an image sensor including a plurality of pixels that
are two-dimensionally arranged and include focus detection
pixels including photoelectric conversion units capable of
outputting a pair of image signals obtained by receiving a pair
of light beams that have passed through different exit pupil
regions of an imaging optical system, the method comprising:

a determination step of determining whether each line of
the pixels of the image sensor is an addition line that
outputs the image signal suitable for detection of a cor-
relation amount;

a calculation step of obtaining the correlation amount for
each addition line determined in the determination step
based on the pair of image signals output from the focus
detection pixels included in the addition line and adding
the obtained correlation amount of the addition line;

a counting step of counting the number of addition lines
added in the calculation step;

a computing step of obtaining a defocus amount based on
the correlation amount added in the calculation step; and

a focus control step of driving a focus lens included in the
imaging optical system based on the defocus amount in
a case where a product of an evaluation value represent-
ing reliability of the defocus amount obtained in the
computing step and a predetermined standard number of
additions is smaller than the product of the number of
addition lines counted in the counting step and a stan-
dard evaluation value representing a predetermined
evaluation value.

14. An image capturing apparatus comprising:

an image sensor including a plurality of pixels that are
two-dimensionally arranged and include focus detection
pixels including photoelectric conversion units capable
of outputting a pair of image signals obtained by receiv-
ing a pair of light beams that have passed through dif-
ferent exit pupil regions of an imaging optical system;

a determination unit configured to determine whether each
line of the pixels of said image sensor is an addition line
that outputs the image signal suitable for detection of a
correlation amount;

a calculation unit configured to obtain the correlation
amount for each addition line determined by said deter-
mination unit based on the pair of image signals output
from the focus detection pixels included in the addition
line and add the obtained correlation amount of the
addition line;

a counting unit configured to count the number of addition
lines added by said calculation unit;

a computing unit configured to obtain a defocus amount
based on the correlation amount added by said calcula-
tion unit; and

a focus control unit configured to drive a focus lens
included in the imaging optical system based on the
defocus amount in a case where a product of the corre-
lation amount of the addition line calculated by the cal-
culation unit and a predetermined standard number of
additions is smaller than the product of the number of
addition lines counted by said counting unit and a stan-
dard correlation amount representing a predetermined
correlation amount of the addition line.

15. A method of controlling an image capturing apparatus
including an image sensor including a plurality of pixels that
are two-dimensionally arranged and include focus detection
pixels including photoelectric conversion units capable of
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outputting a pair of image signals obtained by receiving a pair
of light beams that have passed through different exit pupil
regions of an imaging optical system, the method comprising:

a determination step of determining whether each line of
the pixels of the image sensor is an addition line that
outputs the image signal suitable for detection of a cor-
relation amount;

a calculation step of obtaining the correlation amount for
each addition line determined in the determination step
based on the pair of image signals output from the focus
detection pixels included in the addition line and adding
the obtained correlation amount of the addition line;

a counting step of counting the number of addition lines
added in the calculation step;

a computing step of obtaining a defocus amount based on
the correlation amount added in the calculation step; and

a focus control step of driving a focus lens included in the
imaging optical system based on the defocus amount in
a case where a product of the correlation amount of the
addition line calculated in the calculation step and a
predetermined standard number of additions is smaller
than the product of the number of addition lines counted
in the counting step and a standard correlation amount
representing a predetermined correlation amount of the
addition line.
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